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TECHNO
The Techno branch of the NPSNET Research Group
focuses on developing the network and software technology
for the LSVE. There are four primary projects:
LSVE Network Software Architecture
Web-Based Interoperability
Bamboo - a cross-platform virtual environment toolkit
World-Building
The LSVE Network Software Architecture project looks at
how we design the fundamental network and software archi-
tecture of the large-scale virtual environment. The Web-
Based Interoperability project looks at how we design Inter-
net-based, networked virtual environments. The Bamboo
project looks at how we design cross-platform, high-perfor-
mance virtual environment toolkits. The World-Building
project looks at the fundamental design issues involved in
constructing believable models for virtual worlds.
Large Scale Virtual Environment Network Software
Architectures
We use the acronym LSVE (large scale virtual environment)
to mean a networked virtual environment with greater than
1,000 players. When we say this large a number of players,
we mean both live/interactive and autonomous/computer-
generated characters.
Another term we use is Network Software Architecture
(NSA). By network software architecture, we mean the
combination of the network protocol used for the LSVE and
the software architecture that supports that protocol within
the confines of available bandwidth and processor cycles.
There are many protocol-only and software architecture-
only solutions. There are few full NSA solutions. Our
research in this area is the entire spectrum of NSA issues,
from how the protocol is specified to how the supporting
software is designed.
Web-Based Virtual Environment Interoperability
To understand web-based VE interoperability, we first need
to delineate the issues. The issues are:
What types of information need to be transferred 
between web-based networked VEs?
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The NPSNET Research Group has a decade of experience
in developing the software, interaction and networking tech-
nology for the large-scale virtual environment (LSVE). Our
current group is focusing on the LSVE network software
architecture, web-based interoperability, cross-platform VE
toolkits, 3D VE construction, inertial motion tracking, loco-
motion devices, human modeling in the VE, spatial sound,
wayfinding in the VE, and DoD applications of VE technol-
ogy. 
Keywords
Large-scale virtual environments, NPSNET.
FOCUS
The focus of the NPSNET Research Group is on the com-
plete breadth of human-computer interaction and software
technology for implementing large scale virtual environ-
ments (LSVEs). We apply our research to construct virtual
environments useful for the Department of Defense.
RESEARCH BRANCHES
The NPSNET Research Group has three main branches,
Techno, Interact and Apps. The Techno branch focuses on
developing the network and software technology for the
LSVE. The Interact branch focuses on human-computer
interaction technology for the LSVE and on the evaluation
of the LSVE for training. The Apps branch focuses on the
development of LSVEs useful for the Department of
Defense, utilizing the technology developed by the other
two branches.
How do we transfer that information on the Internet 
(protocol)?
What is the NSA for this?
The types of information that need to be transferred
between networked VEs are easily specifiable:
State changes/entity interactions (peer-to-peer).
Heavy-Weight Objects (http client/server requests).
Network pointers (URLs).
Real-time streams (Mbone audio/video).
The issue of how we transfer that information, the protocol,
is somewhat more difficult. We have two research efforts on
this issue:
Dial-a-protocol project (peer-to-peer).
virtual reality transfer protocol (vrtp) project.
Dial-A-Protocol Project
The focus of the Dial-A-Protocol project is on the develop-
ment of tools/methods for the rapid generation of peer-to-
peer VE applications layer network protocols. The key ques-
tions are how do we formally specify the state change and
entity interaction information., how do we embed semantics
in syntax in general and how do we do this on-the-fly?
For the issue of how do we formally specify the state change
and entity interaction information, we have looked at a num-
ber of things including the formal BNF specification of DIS,
the development of a PDU specification editor and code
generator for DIS readers/writers, and a web-based HTML
combo-form PDU specification editor.
Our latest work has been to put together a piece of Java soft-
ware to process DIS packets. The DIS-Java-VRML working
group is looking at how we can provide DIS-like interopera-
bility for the web. This is a fast-track effort with early suc-
cess (1500 PDUs per second).
A major part of our dial-a-protocol work is examining how
to embed semantics in syntax in general and how to do this
on-the-fly. What we are looking at very much has the flavor
of mobile agents. We encode behavior in a packet. Our syn-
tax is simply (identifier type, number of bits). Our semantics
is a Java object and methods 
virtual reality transfer protocol (vrtp) Project
The dial-a-protocol project looks at a very small piece of the
peer-to-peer, light-weight entity interaction problem in net-
working VEs. If we go back and look at our list of types of
information to be transferred between VEs, we see there are
other types of data in our VE. The virtual reality transfer
protocol (vrtp) is our proposal for supporting all the types of
data desired in a networked VE.
vrtp is the applications-layer protocol used to wrap together
dissimilar other applications layer protocols. vrtp will sup-
port:
Light-weight entity interactions (peer-to-peer).
Network pointers (URLs).
Heavy-weight objects (http client/server request).
Real-time streams (Mbone audio/video)..
vrtp is a full-spectrum applications layer protocol. Just as
http serves html pages, ftp, telnet, and other services, vrtp
will serve the dissimilar applications layer protocols needed
for LSVEs.
Network Software Architecture Project
We defined network software architecture to be the combi-
nation of the network protocol used for the LSVE and the
software architecture that supports that protocol within the
confines of available bandwidth and processor cycles. We've
discussed protocol. We now discuss the software architec-
ture end of things.
The primary problem we are trying to solve with respect to
the n twork software architecture is how to optimize the
available bandwidth and the available processor cycles for
our LSVE. We don't want to bury the CPU in processing
packets at the applications layer of the operating system. We
don't want to flood the network with unnecessary packets.
We have done a lot of software experimentation and systems
testing with DIS and have a pretty good understanding of
the software architecture issues. We are now focusing on a
layer of software we call the Area of Interest Manager
(AOIM). With an AOIM, state changes and entity interac-
tions are assigned to particular multicast groups (groups are
interested parties, ala spatial partitioning, functional parti-
tioning, temporal partitioning, ...) instead of being broadcast
to everyone. Multicast groups are subscribed to in a distrib-
uted fashion by appropriate parties (self-assignment). With
this type of software architecture, packets not part of sub-
scribed multicast groups are killed off at the network inter-
face unit (hardware) rather than at the applications layer in
the CPU. In this fashion, the VE only gets packets from
groups to which it has formally subscribed.
Research Issues in AOIMs
How do we program in a general way an AOIM?
AOIMs are application dependent. How do we design 
such systems for dynamic AOIM replacement?
In a distributed fashion, how do we dynamically assign 
information to a particular set of multicast groups?
DoD Standards for Interoperability
The NPSNET Research Group has always been on the lead-
ing edge in the development and utilization of DoD stan-
dards for interoperability. NPSNET-IV is SIMNET and DIS
compliant. We are currently evaluating the High-Level
Architecture (HLA) for its utility in interactive LSVEs. We
expect to make NPSNET-V HLA and vrtp compliant.
Bamboo - A Cross-Platform Virtual Environment Toolkit
One of the most important efforts in the NPSNET Research
Group is that of the development of Bamboo - an extensible
framework for networked VEs. The motivation behind the
development is our need for a low-cost, general-purpose,
cross-platform, high-level toolkit that provides a well
designed framework facilitating VE application research
and development. Current off-the-shelf toolkits do not
readily provide the capabilities planned for Bamboo.
What is Bamboo? Bamboo is a collection of the core mech-
anisms common to networked VEs. It is an API toolkit for
serious programmers. It has a dynamically extendible runt-
ime environment. Bamboo is based on OpenGL++, which
implies OpenGL, C++, and STL (standard template library).
OpenGL++ is a multi-platform (SGI, PC, Macintosh, etc.)
visualization toolkit that contains the best of Performer and
Inventor. Bamboo sits along-side rather than on top of

















Virtual Environment World Building
While developing the software technology for constructing
virtual environments is our main focus, we have developed
an additional VE development capability, that of world
building. We have in-house staff that specializes in the con-
struction of fully detailed, textured, 3D virtual environments
using both VRML and MultiGen. Samples below are taken
from the full-scale, blue-print and real-world accurate Naval
Postgraduate School Hermann Hall model.
INTERACT
The Interact branch of the NPSNET Research Group
focuses on human-computer interaction technology for the
LSVE and on the evaluation of the LSVE for training. There
are five primary projects:
Inertial Motion Tracking
Locomotion Devices
Human Modeling in the Virtual Environment
Spatial Sound
Wayfinding
The Inertial Motion Tracking project is looking at how
micromachined accelerometers and angular rate sensors and
3D positioning using RF can be combined to track human
body motion in a manner similar to that of an inertial navi-
gation system. The Locomotion Devices project focuses on
integrating other people's locomotion devices into the NPS-
NET software platform. The Human Modeling in the VE
project looks at how large numbers of low-cost, articulated
humans can be placed into the networked virtual environ-
ment. The Spatial Sound project looks at the minimum audi-
tory and visual display fidelities necessary for increasing
performance and immersion in the virtual environment. The
Wayfinding project looks at training spatial knowledge
acquisition using a virtual environment.
Inertial Motion Tracking of Humans in the Networked
Synthetic Environment
Current technologies are unable to provide a natural and
intuitive interface for inserting a human into a large scale
networked virtual environment. Advances in the design of
micromachined accelerometers and angular rate sensors and
3D spatial positioning using RF, present the possibility of
tracking human body motion inertially in a manner similar
to that of an inertial navigation system (INS). Current







The hybrid inertial tracking system is essentially sourceless
and does not suffer from these limitations. Inertial body
tracking is based upon same algorithms as inertial naviga-
tion of missiles, aircraft and ships. The physics resemble
those of the human vestibular system.
Proposed tracking system advantages:
High data rates without perceptible lag.
Tolerant to environmentally induced errors.
Will produce consistent registration between physical 
and virtual worlds.
Allow multiple users in a large working volume 
simultaneously.
Basic Concept:






Compl mentary filtering corrects for sensor errors and drift.
The sensors provide an orientation vector for each body seg-
ment. RF positioning of a single point on the body would
accurately place the articulated human within the VE. The
human body tracking sensor configuration is shown in the
figure.
Locomotion Devices
Most of our work in locomotion devices has been to inte-
grate other people's locomotion devices into the NPSNET-
IV software platform. Two of our most successful demos
were done for the Association of the United States Army
(AUSA) annual Fall conference.
At AUSA 95, we demonstrated Treadport-NPSNET-IV-
JackML integration. That demonstration was joint between
Sarcos Engineering of Salt Lake City, the University of
Pennsylvania, and the NPSNET Research Group. The
AUSA 96 demonstration showed NPSNET-IV integrated
with the Virtual Space Devices Omni Directional Treadmill,
and the Boston Dynamics, Inc. DI-Guy software.
Human Modeling
We have explored commercial solutions for animating artic-
ulated humans in the VE. We have integrated the University
of Pennsylvania Jack-ML and Boston Dynamics, Inc. DI-
Guy software into NPSNET-IV. Each of these solutions is
too slow once the number of humans in view becomes larger
than five to ten. We are looking at developing articulated
human support software capable of displaying 100 to 150
humans in the NPSNET-V VE.
Spatial Sound
The spatial sound component of the research group looks at
virtual environment auditory and visual intersensory modal-
ity issues. We are measuring performance and immersion
during wayfinding and target acquisition tasks in a VE. We
are manipulating both auditory and visual display fidelities.
We want to find out the effects of both modalities on perfor-
mance and immersion.
Wayfinding
The focus in the wayfinding effort is on training spatial
knowledge acquisition using virtual environments. The goal
of the work is to show that VEs can be used to acquire spa-
tial knowledge of a specific real space (training transfer).
Future work will involve the investigation of environmental
features and perceptual stimuli and their role in navigation
and wayfinding so that we may understand how to degrade
the fidelity of a VE without substantially degrading naviga-
tion performance. We will then extend these concepts to
training general navigation skills, including map usage (per-
spective transformation) and landmarking abilities.
APPS
The Apps branch of the NPSNET Research Group focuses
on the development of LSVEs useful for the Department of
Defense, utilizing the technology developed by Techno and
Interact. There are three primary projects:
NPSNET-IV Completion
NPSNET-V
An Amphibious Virtual Environment
The NPSNET-IV Completion effort is our continuing, albeit
minimal, commitment to maintaining the availability of the
NPSNET-IV source tree on the world wide web. The NPS-
NET-V project is our effort to rebuild the NPSNET LSVE,
using NPSNET-IV technological know-how and the Bam-
boo toolkit. The Amphibious Virtual Environment is an
effort to look at the network software architecture needed to
support the docking of an amphibious landing craft into an
LPD-17. This VE was prototyped with a toolkit similar to
Bamboo.
NPSNET-IV Completion
NPSNET-IV is finally done! NPSNET-IV was started in
March of 1993 and work continued on that code base
through December 1996. We are now working on our next
generation toolkit, Bamboo, which will be used to imple-
ment NPSNET-V. Resources formerly dedicated to main-
taining NPSNET-IV and providing configuration
management for that software are no longer available.
NPSNET-IV Capabilities:
Building walkthroughs.
Articulated humans - mounting/dismounting capability.
Networking - play across the multicast backbone of 
Internet.
Terrain database integration, terrain paging (70km x 
70km).
Any vehicle capability - air, ground, articulated human.
Testbed for VE network software architecture issues.
Interoperability - SIMNET/DIS
Constructive model integration - Janus World Modeler
ModSAF integration.
NPSNET-V - Feature and Plans
We are redesigning the network software architecture of our
NPSNET software platform. We plan for that architecture to
be plug and play, where additional modules of capabilities
(networking, human models, terrain models, walkthroughs,
mounting/dismounting of humans, general interaction, ...)
can be developed with a uniform, published API. We have
much in-house technology from our NPSNET-IV efforts.
We plan to adopt as many of them as possible within avail-
able funding and staff constraints.
Technologies for NPSNET-V:




NPSNET - An Amphibious Virtual Environment
In redesigning our NPSNET software platform, we have
examined other available commercial toolkits and have pro-
totyped VEs with those toolkits. Using the Corypheaus Easy
Scen  toolkit, we built the world shown in the following
images. A videotape is available on this unfunded effort.
EDUCATION
Education for students associated with the NPSNET
Research Group comes from two different degree programs.
The Naval Postgraduate School's Computer Science Depart-
ment offers an MS in Computer Science with specialization
in Computer Graphics and Visual Simulation.
http://www.cs.nps.navy.mil/curricula/acas
NPS additionally offers an MS and Ph.D. degree in Model-
ing, Virtual Environments and Simulation (MOVES). The
programming, systems, computer graphics, networking and
virtual environments courses of the Computer Science
Department are half of the MOVES degree program. The
remainder of the MOVES program consists of the mathe-
matical modeling courses necessary to understand construc-
tive and other modeling and simulation systems.
http://www.moves.nps.navy.mil/
SPONSORS
The NPSNET Research Group is a reimbursably funded
organization within the Naval Postgraduate School. Our
research efforts are funded by a number of US government
agencies, including the Defense Advanced Research
Projects Agency (DARPA), the Defense Modeling and Sim-
ulation Office (DMSO), the Office of Naval Research
(ONR), the National Imagery and Mapping Agency
(NIMA), and Advanced Networks and Services, Armonk.
PEOPLE
The NPSNET Research Group consists of reimbursably
funded faculty and staff. Faculty receive six months salary




Assistant Professor Don Brutzman
Assistant Professor Rudy Darken
Professor Robert McGhee
Senior Lecturer John S. Falby
Lecturer Eric Bachmann
Development and Support Staff:
Joel Brand Student Intern (U.C. Berkeley)
Bill Cockayne Human Interaction and Training 
Systems Analysis (Ph.D. student)
Holly Cuellar Administrative Assistant
Rosalie Johnson Systems Administration
Ben Kavanagh, Systems Architect (Ph.D. student)
John Locke 3D Modeling; Network and 
Communications; Documentation
Andrzej Kapolka Student Intern (U.C. Santa Cruz)
Don McGregor Portable DIS Library, VRML-Java-DIS
Russell Storms CPT USA: Spatial Acoustic Sound 
Rendering
Kent Watsen Senior Development Architect (Ph.D. 
student)
NPSNET RESEARCH GROUP WEB SITE
The NPSNET Research Group maintains a world wide web
site that provides additional information about our research,
our published papers, personnel and the complete software




The NPSNET Research Group puts all its papers on the
world wide web in either Postscript or Adobe Acrobat form.
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